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(54) Magnetic field generator for magnetron plasma 



(57) The improvement proposed relates to the 
dioole ring magnet in a magnetic field generator fo r 
magnetron plasma in an apparatus for plasma sou tter- 
Inq or piasma etctii ng. Different from the conventional 
dipole ring magnet, which is an assemtily of anisotropic 
columnar segment magnets in a circular arrangement 
each in an integral columnar form, e ach of the segment 
magn ate according to the first aspect of the in vention is 
dhrid edJnto up per an d lower halves and the flap spac e 
held t?ety ^en the upper and lower halves is varied fro m 
po sition to position so that the uniformity of the rrg ag- 
ne fe field formed inside of the dioole ring magnet is 
inc reased in the horizontal direction with conseauerrt ly 

inrrftaRRri i inif nrrytitY nf ]ha plaama Hongity nftg^f^taH 

theret^v . Instead of dividing each of the segment mag- 
nets into the upper and lower halves, according to the 
second aspect of the invention, the circular arrange- 
ment of the segment magnets is not regular and sym- 
metrical but assymmetrical relative to the direction of 
the magnetic field so that similar improvements to those 
in the first aspect of the invention can be accomplished 
in the uniformity of the magnetic fieM and in the density 
of the plasma 
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Description 

BACKGROUND OF THE INVENTION 

TTie present Invention relates to a magnetic field 
generator for magnetron plasma or, more particularly, 
relates to a magnetic field gen^ator tor magnetron 
plasma capable of generating a magnetic field having 
excellent unHbrmrty so that a magnetron constructed 
therewith is very satisfactory for use in the processes off 
so-called magnetron sputtering and magnetron etching 
widely undertaken in the fields of electric and electronic 
technologies. 

It is now conventional that the treatments of sputter- 
ing and etching in the above mentioned technological 
fields are conducted by utilizing the so-called magnet- 
ron plasma whidi is a plasma generated by utilizing a 
magnetron. Namely, a magnetron plasma is generated 
by utilizing a magnetron in the following manner. Thus, 
electrodes are inserted into the atmosphere of a gas 
such as argon filling a plasma chamber and electric dis- 
charge, is caused thereby so tfiat the gas filling the 
chamber is ionized to produce secondary electrons 
which in turn impinge on the gaseous molecules result- 
ing in further ionization of the gaseous molecules. The 
primary and secondary electrons generated by the elec- 
tric discharge enter a drift movement by virtue of the 
magnetic field generated by the magnetron and the 
electric field influencing the movement thereof. The 
electrons under the drift movement can impinge suc- 
cessively on gaseous molecules to cause ionization 
thereof along with generation of further electrons which 
again act to ionize the gaseous molecules by impinging 
thereon. The very high efficiency of ionization obtained 
with a magnetron can be explained fcsy the repetition of 
the above described process. 

As is described above, a gas filling a plasma cham- 
ber can be ionized with a very high efficiency by utilizing 
a magnetron consequently increasing the density of 
plasma generated In the plasma chamber. Accordingly, 
the efficiency of the magnetron sputtering or magnetron 
etching can be higher by two to three times than the effi- 
ciency obtained in a conventionEd plasma chamber uti- 
lizing high-voltage electric discharge. 

Figures 1A and IB schematically illustrate a sput- 
tering apparatus utilizing a conventional magnetron dis- 
charge unit by a vertical axial cross sectional view 
showing the magnetic field and by a perspective view 
showing movements of the electrons, respectively. Two 
electrode plates 10, 12 are provided in parallel with 
each other and a sut}strate 14, on which sputtering is 
performed, and a target 16 for sputtering are placed in 
the space between the electrodes 10.12. respectively, 
each in contact with one of the electrodes 10,12, which 
are connected to a high frequency power supply The 
arrow 20 in Figure 1 A shows the direction of the electric 
field at a moment when the upper electrode 10 is the 
anode and the lower electrode 12 is the cathoda A 
magnetic field generator 18 for magnetron plasma is 



installed on the lower sur^ce of the electrode 12. The 
magnetic field generator 18 consists of a yoke 26 and a 
set of permanent magnets 22 and 24 concentrically 
arranged and connected together at tfie lower surfaces 
5 by tiie yoke 26, the outer magnet 22 being annular and 
the center magnet 24 being cylindrical with the mag- 
netic polarity reversed to that of the outer magnet 22 as 
is shown in Rgure 1 A. 

The lines of magnetic force 30 of the fluxes 28A and 
10 28B come out off the N-pole of the outer magnet 22 and 
enter the S-pole of the center magnet 24 forming a leak- 
age magnetic field above the target 16. Assuming that 
the direction of the electric field between the electrodes 
10. 12 is from the top to the bottom as is shown by the 
IS arrow 20. the electron 32 on the surface of the target 1 6, 
which should be accelerated straightly upwardly in the 
absence of a magnetic field, now enters a drift move- 
ment by deflection in the direction of the outer product of 
the electric and magnetic fields along the infinite orbit 
20 34. As a consequence, the electron 32 is urxier con- 
straint in the \ncinity of the surface of the target 16 with 
promotion of ionization of gaseous molecules. The 
above is the mechanism which explains the high density 
of the plasma generated in a magnetron plasma appa- 
ls ratus. 

It should be noted here that contribution to the drift 
movement of electrons can be effected only by the com- 
ponent of the magnetic field in the direction perpendicu- 
lar to the direction of the electric field. In Figures 1 A and 

30 IB. namely, only the component of the magnetic field in 
parallel to the surface of the target 16, referred to as the 
horizontal magnetic field hereinafter, can corrtribute to 
the ionization of the gaseous molecules by bringing the 
electrons into a drift movement. 

35 Rgure 2A is a graph showing the distribution of the 
component of the magnetic field in parallel to the sur- 
face of the target, i.e. the horizontal magnetic field, 
taken in the direction of the arrow X or Y in the magnetic 
field generator illustrated in Figures 1A and IB. As is 

40 understood from the above given explanation for the 
drift movement of electrons, the magnetic field has an 
annular distribution so that the distribution curve of the 
magnetic field in the radial direction has two peaks as is 
shown in Figure 2A. Needless to say. the density of 

4S plasma generated in the magnetic field depends on the 
component of the magnetic field in parallel to the sur- 
face of the target, by which the electrons are brought 
into the drift movement, so that the den»ty of the 
plasma has a distribution as shown in Figure 2B by tiie 

so spot-wise diagram. As a consequence, sputtering witii 
the target proceeds intensely on the areas where the 
magnetic fiekl has a large component in the direction 
parallel to the surface of the target to cause localized 
wearing of the target decreasing the utilization effi- 

55 ciency of the target material which is sometimes very 
expensive with an economical disadvantage. 

The situation is also similar in the apparatus of 
pisema etohing by using a magnetic field generator for 
magnetron pl^ma. Namely, the effect off etching pro- 
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ceeds on the surface of a substrate such as a semicon- 
ductor silicon single crystal wafer not uniformly but with 
a localized intensity resulting in a degradation of the 
quality of the products otrtained by the etching treat- 
ment. Moreover, it is sometimes the case with such a 
non-uniform distribution of the plasma density that a 
phenomenon of so-called charge-up is caused, in which 
a substantial gradi^t is produced in the electric poten- 
tly over the substrate surface, leading to evaitual 
destruction of the semiconductor device under ttie treat- 
ment due to electric discharge. 

In view of the above described problems, it is 
eagerly desired to develop a magnetic field generator 
for magnetron plasma capable of generating a magnetic 
field of which the uniformity in the distribution of the 
component in parallel to the target surface can be 
increased as high as possible. For example, a magnetic 
field generator with a dipole ring magnet is known, 
which, as is illustrated by a plan view and an axial cross 
sectional view in Figures 3A and 3B. respectively, is an 
assembly of a plurality of anisotropic columnar segment 
magnets 40, 40 supported within a non-magnetic frame 
42 in a circular arrangement. 

Different from the nnagnetic field having an annular 
distribution of the component in parallel to the target 
generated in the nnagnetic field generator illustrated in 
Figures 1 A and 1 B, the dipole ring magnet of Figure 3A 
and Figure 3B, which shows the cross section as cut 
and viewed along the direction shown by the anrcws I MB 
- Ills in Figure 3A. generates a magnetic field directed 
only in one and the same direction in parallel to the sur- 
face of the target mounted on the magnet so that the 
drift movement of electrons proceeds only in one direc- 
tion not to solve the protstem due to the non-uniformity in 
the distribution of the plasma density. This deficiency of 
the insufficient uniformity of the magnetic field can be 
solved partiy by rotating the respective columnar seg- 
ment magnets along the peripheral direction of the cir- 
cular arrangement tiiereof although this means alone 
cannot be effective enough to accomplish full uniformity 
in the plasma density over a wide range. 

The number of the anisotropic columnar segment 
magnets 40 supported 1:^ the non-magnetic frame 42 is 
at least 8 or. usually, in the range from 8 to 64 aHhough 
Figure 3A illustrates the case where the number is 16. 
The cross sectional profile of the columnar segment 
magnet 40 is not particularly limitative and can be circu- 
lar, square, as is shown in Figure 3A, rectangular or 
trapezoidal. The arrow mark given in the cross section 
of each columnar segment magnet indicates the direc- 
tion of magnetization of the magnet. When the respec- 
tive columnar segment magnets have the respective 
directions of magnetization as is indicated in Figure 3A, 
a magnetic field in the direction indicated by tiie broad 
open arrow mark 43 is generated in the zone sur- 
rounded by the set of the columnar segment magnets 
40. 

When the akx)ve descrOaed dipole ring magnet is 
used in a magnetic field generator for magnetron 



plasma, the upper and lower parallel-plate electrodes 
36, 37 are installed in the space surrounded by the 
columnar segmerrt magnets 40 as is shown in Figure 
38. The substrate 38 to be subjected to the sputtering 

5 ti^eatment and the target 39 are mounted on the lower 
electrode 37 and upper electrode 36. respectively. The 
elect- odes 36. 37 are connected to a high-frequency 
power supply so as to generate a high frequency elec- 
tric field within the space between the electrodes 36. 37. 

10 The direction of the thus generated electric field is indi- 
cated by the arrow mark 44 or 45 in Rgures 3A and SB, 
respectively, asswiiing that the upper electrode 36 is 
the anode and the lower electrode 37 is the caltiode at 
the moment. 

15 W is preferable that the imaginary plane shown by 
the horizontal broken line 48 in Figure 3B made by con- 
necting the longitudinal center positions of Vne columnar 
segment magnets 40 coincides witii the center plane of 
the effective plasma-working zone 46 having a diameter 

20 of 2R and indicated by the broken lines formed on tiie 
surface of the target 39 or silicon wafer 38 mounted on 
the lower electrode 37 by adequately adjusting the 
height of the target 39. when the treatment is for sputter- 
ing, or the wafer 38, when the treatment is for etching. 

25 This is because the uniformity of the magnetic field is 
higher in the longitudinal center height of the columnar 
segment magnets 40 than in the end portions and the 
magnetic field in the longitudinal center height of the 
magnets fias in principle no component in tiie direction 

30 perpendicular to the electrode plates so as to accom- 
plish an irrproved uniformity of the magnetic field and 
enhanced plasma density. 

Rgure 4A includes graphs showing the distribution 
of the magnetic field generated in the effective plasma- 

35 working zone 46 by the magnetic field generator using 
the atxjve described dipole ring magnet along the lines 
indicated by the arrows X and Y. respectively, in Figure 
3 A, from which it is understood that a sut)stantial 
improvement can be chained in the uniformity of tiie 

40 magnetic field in the horizontal direction as compared 
with the distribution shown in Figure 2A. On the other 
hand. Rgure 4B shows a distribution diagram of tiie 
density of plasma generated in the magnetic field, which 
incticates non-unifbrrTnty of the plcsma density being 

45 higher in the negative side of the arrow Y and lower in 
the positive side of the arrow Y This phenomenon can 
be explained by the f^ct that the drift nnovement of elec- 
trons takes place in tiie direction of the outer product of 
the electric and magnetic fields so that tiie elect^ons 

so proceeds towards the negative side of the arrow Y in 
Figure 48. This is the reason for the problem that, 
attiiough the direction of the drift movement of electrons 
can be changed by the rotation of tiie dipole ring mag- 
net along the peripheral direction of the circular 

55 arrangement of the magnets, full uniformity of tiie 
plasma density cannot be accomplished in a wide range 
by merely rotating the dipole ring magnet 
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SUMMARY OF THE INVENTION 

The present invention accordingly has an object to 
provide an improvement in the magnetic field generator 
using a dipole ring magnet In an instrument for magnet- 
ron plasma sputtering or magnetron plasma etching, by 
which high uniformity of the plasma density can be 
ensured ever a wide range without the problems and 
disadvantages in the prior art magnetic field generators 
described above. 

Thus, the present invention provides, in a first 
aspect of the invention, an improvement, in a magnetic 
field generator for magnetron plasma, which Is installed 
In a magnetron apparatus for generation of high-density 
plasma, comprising a dipole ring magnet consisting of a 
plural number of anisotropic columnar segment mag- 
nets each extending in the vertical direction and 
arranged in a circular arrangement at approximate y 
uniform distances each from the adjacent ones, which 
improvement comprises dividing each of the anisotropic 
columnar segment magnets Into upper and lower halves 
and keeping a gap space between the upper half and 
the lower half of the anisotropic columnar segment 
magnet the gap spaces having a dimension to corre- 
spond to the position at which the anisotropaic columnar 
segment magnet is arranged In the clrcuteu' arrange- 
ment or the dimensions of the gap spaces being not uni- 
form. 

The present invention provides, in a second a^ect 
of the invention, an Improvement, in a magnetic field 
generator for magnetron plasma, which is installed in a 
magnetron apparatus for generation of high-density 
plasma, comprising a dipole ring magnet consisting of a 
plural number of anisotropic columnar segment mag- 
nets each extending in the vertical direction and 
arranged in a circular arrangement, which improvement 
comprises arranging the anisotropic columnar segment 
magnets asymmetrically relative to tfie direction of the 
magnetic field formed inside of the dipde ring magnet. 

BRIEF DESCRIPTION OF THE DRAWING 

Figures 1A and IB are a vertical cross sectional 
view and a perspective view, respectively, of a magnet- 
ron plasma-generating apparatus with a conventional 
magnetic field generator hseAng an annular magnet 

Figure 2A is a graph showing the distribution of the 
magnetic field in tiie horizontal direction In the magnetic 
field generator illustrated in Figures 1A and 1B. Figure 
2B is a diagram showing the distritxjtion of the density 
of plasma corresponding to the magnetic field distribu- 
tion shown in Figure 2A. 

Figures 3A and 3 B are a plan view and a vertical 
cross sectional view, respectively, of a magnetic field 
generator with a conventional dipole ring magnet. 

Figure 4A Is a graph showing the distribution of the 
magnetic field in tfie horizontal direction In the magnetic 
field generator illustrated in Figures 3A and 3B. Figure 
4B is a diagram showing the distribution of the density 



of plasma corresponding to tiie magnetic field distribu- 
tion shown in Figure 4A. 

Rgures 5A and 5B are a plan view and a vertical 
cross sectional view, respectively, of a magnetic field 
5 generator with a dipole ring magnet according to the 
first aspect of the Invention. 

Figure 6A is a graph showing the distribution of the 
magnetic field in the horizontal direction in the magnetic 
field generator illustiated in Figures 5A and 5B. Figure 
10 6B is a diagram showing tiie distribution of the density 
of plasma corresponding to tiie magnetic field disb-ibu- 
tion shown in Rgure 6A. 

Figures 7A and 7B are a plan view and a vertical 
cross sectional view, respectively, of a magnetic field 
IS generator with a dipole ring magnet according to the 
second aspect of the Invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMEIMTS 

20 

In the following, the improvement in a magnetic field 
generator with a dipole ring magnet according to the 
first and second aspects of the inv^ion is described in 
detail by making reference to tiie accompanying draw- 
ls ing. 

Rgure 5A schematically illustrates a plan view of 
tiie magnetic field generator inproved according to the 
first aspect of the invention and Figure 5B shows a ver- 
tical axial cross sectional view of the same as cut and 

30 viewed along tiie direction indicated by tiie arrows VB ■ 
VB in Figure 5A. The dipole ring magnet shown in Rg- 
ure 5A Is an assembly of 16 anisotropic columnar seg- 
ment magnets 50(1) to 50(16), referred to as unit 
magnets hereinafter, each having a square cross sec- 

35 tion and embedded and supported in ttie non-magnetic 
. frame 52. Needless to say, the number of such unit 
magnets is not limited to 1 6 but can be any number of at 
least 8, which number is preferably an even number. 
The direction of magnetization of the respective unit 

40 magnets 50(1) to 50(16) is indicated by the respective 
arrows. When the directions of magnetization of the 
respective unit magnets are as shown In Rgure 5A. the 
magnetic field inside of the dqxile ring magnet as a 
whole has a direction indicated by the broad open anew 

45 mark 53. 

Different from tiie conventional dipole ring magnet 
illustrated in Figures 3A and 3B, in which each of the 
unit magnets 40 Is in the form of a single integral rod. 
each of the unit magnets 50(1) to 50(16) illustrated In 

50 Figure 5B is divided into upper and lower halves and 
held by keeping a gap space therebetween. For exam- 
ple, the unit magnet 50(1) Is divided into an upper half 
50(1 )A and lower half 50(1 )B and held with a gap space 
54(1) tiierebetween. the dimension of the gap space 

55 54(1) being d(1) as irKlicated by the double-sided an^ow. 
Although all of the unit magnets are similarly divided 
into the upper and lower halves, the dimensions of the 
gap spaces 54(1) to 54(16) are not uniform but must be 
varied in such a fashion tiiat the magnetic field along the 
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direction of the Y-axis on Figure 6A has such a distribu- 
tion of monotonous increase from the negative side 
(lower end in Figure 5A) to the positive side (upper end 
in Figure 5A) of the Y-axis. It is necessary that the 
dimensions of the gap spaces in the two unit nnagnets 
positioned at symmetrical positions relative to the Y-axis 
be identical. In the anrangemertt of the 16 unit nnagnets 
illustrated in Figure 5A, namely, following relationships 
are held: d(1) = d(9}: d(2} = d(8): d(3} => d(7}; d(4) » d(6): 
d(10) = d(16); d(1 1) = d(i5): and d(i2) « d(l4). 

In an embodiment according to this first aspect of 
the invention, the actual values of the dimensions of the 
gap spaces 54(1) to 54(16) were set as follows: d(1) => 
d(9) = 0.81 L mm; d(2) = d(8) = 0.72L mm; d(3) = d(7) = 
0.61 L mm; d(4) = d(6) = 0.55L mm; d(5) = 0.51 L mm; 
d(10) = d(16) = 0.78L mm; d(11) = d(15) = 0.95L mm; 
d(12) = d(14) = 0.94L mm; and d(13) = 0.89L mm. in 
which L is the length of the respective unit magnets in 
mm before dividing into two portions. 

Excepting the above described improvement, the 
dipole ring magnet according to the first aspect of the 
invention is not particularly limitative in respects of the 
types, number, an-angement and direction of magneti- 
zation of the unit magnets.and can be about identical 
with conventional dipole ring magnets. Namely, the 
dipole ring magnet is an assembly of a plural number of 
unit magnets each held and supported in a non-mag- 
netic frame 52 arxl the number of the unit magnets 
should be at least 8 or. usually, is selected in the range 
from 8 to 64 although the number of the unit magnets is 
16 In the embodiment illustrated in Figures 5A and 5B. 
The cross section of each of the unit magnets can be 
circular, square, rectangular or trapezoidal. 

Various kirxls of known permanent magnets can be 
used for the unit magnets including rare earth-t>ased 
permanent magnets, ferrite magnets, AInico magnets 
and the like. Although Figures 5A and 5B illustrate the 
dipole ring magnet alone, the arrangement of the mag- 
netic field generator for magnetron plasma can other- 
wise be the same as in the conventional apparatus 
illustrated in Figures 3A and 3B. 

^Tnirft ''^ '"'■«^**tfffi a dipde ring magnet as 
inry roved according to the second aspect of the inve n- 
tion by a plan view and Figure 7B illustrates a vertic al 
axial .cf0ss section of the s ame as cut and viewed along 
the dtection indicated by the arrows Vlllj - Vim irij -ig- 
ure7A. 

Simij grly to the OOnventinn^j riipr la rlnrj mgon**^ 

illustrate d in Fig ure s 3A and 3B. a plural number of ani - 
s otropic columnar segment maar]^. i.e. unit maone ts. 
fin(i) to SQ(lfi) are to be held and supported in a no n- 
magn etic frame 52 symmetrically to the Y-axis in Fi gure 
Different from the conventional embodiment illu s- 
trated i n t-igure a a. in wnich 16 unit magnets 40 are in a 
circulg|£ ^''angemem keeping a uniform distance fro m 
the adj acent ones with symmetry relative to the X^ is 
and v-a^ tho flrmnqfimft"^ magn«>t«s 50^1) 

to 5 Qf 16) in Figure 7A is not symmetrical relative to th e 
X-axis With omission oT the unit magnets 50(1 0). 50(1 1 ). 



5 0(13). 50(15) and 50(16) as is shown by the brok en 
lii^ e squares indicating the respective imaginary p osi- 
tionso fthe omitted unit magnets. It should be noted t hat 
the positions including tinose of tiie actu al unit magnets 

5 and jhose of the omitted or imaginary unit llMuimlif are 
an-a nged each keeping tiie identical distance from ti ie 
ad jacent ones. ' ' 

As a consequence of the above described asym - 
metr ical arrangement of the unit maonets 6t omission of 

10 snm^^ th^nit maanfi|fi in tiie region wlYere the mao- 

rtPfiQfififrt in thP hnriynn^pi riirartinn ic Irw tho ma^notiff 

field thus forj^ifid inside of the dipole ring magnet has 
*;'jgh<y"1i^n*^^ «;hny/q f^if |ure6A that the maonepc 

15 ono usty increases toward the positive si de of the Y-axis. 
Although Figures 7A and 7 B ^re given for me asymm et- 
ric arran gement of 1 1 unit magnets bv omitBng five unit 
mag nets from the 16 unit magnets to be uniform ly 
an-anged in a circular fashion, the way to have an 

20 assy mrffefric arrangement of the unit magnets is n ot 

limitPf^ tn thig ftpnhndimant with a pfvfffi^fi|fty ^f vnrifTltS 

modif ications. It is of course optional that eadh of tiie 
acfCaTunit magnets 50(1) to 50(16). from which some 
are ooutted, is divided, according to the first aspect of 
25 the invention, into upper and lower halves keeping a 
varied gap space therebetween as is illustrated in Rg- 
ure SB. 

In tiie fotlowring. the two embodiments of the 
present inv^ion described atxive are illustrated in 
30 more detail by way of examples and comparative exam- 
ples. 

Example 1. 

35 The general arrangement of the unit magnets was 
as shown in Figures 5A and 5B. in which 16 unit mag- 
nets 50(1) to 50(16). each t>eing a neodymium-iron- 
boron magnet and having a length L of 150 mm and a 
30 mm by 30 mm square cross section, were symmetri- 

40 cally arranged as shown in Figure 5A. Each of these 
unit magnets was divided into upper and lower halves 
and held by keying a gap space tiierebetween of a 
dimension specified before, i.e. d(1) =d(9) = 0.61 L mm; 
d(2) = d{8) = 0.72L mm; d(3) = d(7) - 0.61 L nrvn; d(4) » 

45 d(6) « 0.55L mm; d(5) « 0.51 L mm; d(10) - d(16) = 
0.78L mm: d(11) =d (15) = 0.9SL mm; d(12) = d(14) = 
0.94L mm; and d(13) ° 0.89L mm. The dista-ibution of 
the magnetic field inside of the dipole ring magnet within 
the plasma space 56 in the horizontal direction is meas- 

50 ured at the height corresponding to the gap spaces in 
the respective unit magnets to give the results shown in 
Figure 6A in the directions of tiie X-axis and Y-axis. The 
distribution of the plasma density generated in the 
plasma-working zone 56 und^- the magnetic field hav- 

55 ing such a dist-ibution is shown in Figure 5B. 

In tiie above mentioned evaluation tests of tiie 
dipole ring magnet, measurements were conducted in 
the following manner. Thus, tiie distribution of the hori- 
zontal magnetic field was determined by moving a Hall 
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element within the space and the outputs of the Hall ele- 
ment at the respective p>oints were read on a gauss 
meter. The distribution of the plasma density was meas- 
ured according to the electrostatic probe method by 
nnoving a probe within the space and the current-volt- 
age characteristic when a voltage was applied to the 
probe was measured, from which the density of plasma 
was calculated with the thus obtained values of the 
electi-on temperature and electron density. 

Compaiative Example 1 . 

TTie experimental procedure was substantially the 
same as in Example 1 described above except that 
each of the unit magnets was not divided into the upper 
and lower halves but was an Integral single magnet. The 
distribution of the horizontal magnetic field was consid- 
erably uniform in the directions of the X-axis and Y-axis 
as is shown in Rgure 4A but the distribution of tiie 
plasma density was far from uniformity as is shown in 
Rgure 4B. 

Comparative Example 2. 

Measurements were perlbrmed for the distribution 
of the horizontal magnetic field €uxl the distribution of 
the plasma density with the conventional magnetic field 
generator having an annular magnet as illustrated in 
Figures 1A and IB. The distribution curve of the hori- 
zontal magnetic field had a profile with two peaks as is 
shown in Rgure 2A in the directions of both of the X-axis 
and Y-axis and the plasma density had an annular distri- 
bution as shown in Figure 2B. 

Example 2. 

"me experimental arrangement was substantially 
the same as in Comparative Example 1 described 
atxsve except that five unit magnets among the 16 unit 
magnets in Conparative Example 1 were omitted as is 
illustrated in Figures 7A and 7B. The results were as 
satisfactory as in Example 1 . 

Claims 

1. In a magnetic fi^ generator for magneb'on 
plasma, which Is installed in a magnetron appara- 
tus for generation of high-density plasma, compris- 
ing a dipole ring magnet consisting of a plural 
number of anisotropic columnar segment magnets 
each extending in the vertical direction arxl 
an'anged in a circular arrangement at approxi- 
mately uniform distances each from the adjacent 
ones, Vne improvement which corrprises dividing 
each of the anisotropic columnar segment magnets 
into upper and lower halves and keeping a gap 
space between the upper half arxJ the tower half of 
the antsotiropic columnar segment magnet the gap 
space having a varied dimension to correspond to 
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Vne position tiiereof at which the anisotiiopic colum- 
nar segment magnet is arranged in the circular 

arrangement. 

5 2. In a magnetic field generator for magnetron 
liriirania, which is installed in a magnetron appara- 
tus for generation of high-density plasma, compris- 
ing a dipole ring magnet consisting of a plural 
number of anisotropic columnar segment magnets 

10 each extending in the vertical direction and 
arranged in a circular arrangement, the improve- 
ment which comprises arranging the anisotropic 
columnar segment magnets asymmetrically relative 
to the direction of the magnetic fiekl formed inside 

IS of the dipole ring magnet 
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FIG. I A 
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FIG.2A 
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FIG.4A 
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